**Core tip:** This manuscript suggested that: (1) No improvement in neurological outcomes with erythropoietin (Epo) administration after out of hospital cardiac arrest; and (2) Epo administration was also associated with increased thrombotic events and acute stent thrombosis.

INTRODUCTION
============

Patients who undergo out-of-hospital cardiac arrest (OHCA) frequently have post-anoxic encephalopathy, even after successful initial resuscitation. This brain insult can be either transient or definitive, and is the major cause of mortality\[[@B1]\]. Even after successful resuscitation and restoration of cerebral perfusion, brain injury continues to progress due to reperfusion injury. At present, apart from targeted therapeutic hypothermia, no other modalities have demonstrated a reduction in cerebral anoxic brain ischemia after OHCA\[[@B2],[@B3]\]. In recent years, pre-clinical studies have suggested tissue protective effects of erythropoietin (Epo) and its analogues especially after brain and myocardial damage from ischemia-reperfusion injury\[[@B4],[@B5]\]. However, this did not translate into a significant clinical benefit in patients with either acute myocardial infarction or stroke\[[@B6]-[@B8]\]. In the setting of OHCA, there is whole body ischemia and clinical studies have shown conflicting results with 2 studies demonstrating mortality benefit with early Epo administration\[[@B9],[@B10]\] and a recent randomized controlled trial with no significant benefit\[[@B11]\]. In view of these studies, we aim to perform a meta-analysis to assess for any significant mortality benefit of early Epo administration in patients with OHCA.

MATERIALS AND METHODS
=====================

The present review was performed according to Cochrane Collaboration and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statements\[[@B12]\].

Search strategy
---------------

We carried out a literature search using PubMed, MEDLINE, EMBASE, EBSCO, CINAHL, Web of Science and Cochrane databases, of all studies published from the inception through October 10, 2016 comparing early Epo administration in addition to standard care in patients with OHCA with standard care alone. We combined the terms ("out of hospital cardiac arrest" OR "cardiac arrest" OR "OHCA") AND ("erythropoietin" OR "EPO") as keywords or medical subject heading terms in different combinations. All references of the retrieved articles were reviewed for further identification of potentially relevant studies. The identified studies were systematically assessed using the inclusion and exclusion criteria described below.

The studies had to fulfill the following criteria to be included in the analysis: (1) adult human subjects with OHCA and successful sustained return of spontaneous circulation (ROSC); and (2) studies including mortality/brain death, acute thrombotic events as their end points. All studies with retrospective design, abstracts, case reports, conference presentations, editorials, reviews, and expert opinions were excluded from our analysis. Longest available follow-up data from individual studies was used for our analysis.

Data extractions and quality appraisal
--------------------------------------

Two authors (Rahul Chaudhary and Jalaj Garg) searched the studies and extracted the data independently and in duplicate. The abstractors (Jalaj Garg and Rahul Chaudhary) independently assessed the quality items, and any discrepancies were resolved by discussion and consensus with the third author (PK). Final results were reviewed by senior investigator (NP) (Figure [1](#F1){ref-type="fig"}).
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Assessment of risk of bias for each selected study was performed according to PRISMA 2009 guidelines. Qualitative evaluation of bias using the following key parameters were performed for each study: (1) clear definition of study population; (2) clear definition of outcomes and outcome assessment; (3) independent assessment of outcome parameters; (4) sufficient duration of follow-up; (5) selective loss during follow-up; and (6) important confounders and prognostic factors identified. The quality of non-randomized studies were evaluated using the Newcastle-Ottawa quality assessment scale\[[@B13]\] and randomized controlled trials were evaluated using Cochrane Risk of Bias tool.

Outcomes
--------

The primary efficacy outcome in our study was "brain death or Cerebral Performance Category (CPC) score of 5". Briefly, the CPC scale ranges between 1 and 5. A score of 1 represents good cerebral performance or minor disability, 2 moderate disability, 3 severe disability, 4 coma or vegetative state, and 5 represent brain death\[[@B14]\]. Secondary outcome assessed in our study were "CPC score 1 and 2-4", "overall thrombotic events" (defined as a combination of venous thrombosis, acute coronary stent thrombosis and other arterial thrombosis) and "acute coronary stent thrombosis".

Statistical analysis
--------------------

Descriptive statistics are presented as means and SDs for continuous variables and as number of cases and percentages for dichotomous and categorical variables. Data were summarized across treatment arms using the Mantel-Haenszel odds ratio (OR) fixed effects model. Between-study heterogeneity was analyzed by means of Higgins *I^2^* statistic\[[@B15]\]. In cases of heterogeneity (defined as *I^2^* \> 25%), random effects models of DerSimonian and Laird were used\[[@B16]\]. Funnel plot were evaluated visually to assess for any publication bias\[[@B17]\]. If any bias was observed, further bias quantification was measured using the Begg-Mazumdar Test\[[@B18]\], Egger Test\[[@B19]\] and Duval-Tweedie test\[[@B20]\]. The statistical analysis was performed using the Cochrane Collaborative software, RevMan 5.3.

RESULTS
=======

A total of 47 studies were identified after exclusion of duplicate or irrelevant references (Figure [1](#F1){ref-type="fig"}). After detailed evaluation, 3 clinical trials (2 case-controlled studies and 1 randomized controlled study) with a total of 606 patients (276 patients received Epo in conjunction to standard of care compared to 330 patients with standard of care alone) were included in our analysis\[[@B9]-[@B11]\]. The characteristics of these trials and mean follow-up periods are described in Table [1](#T1){ref-type="table"}.

###### 

Characteristics of the included studies

  **Name of study**                                                             **Cariou et al\[[@B9]\], 2008**   **Grmec et al\[[@B10]\], 2009**               **Cariou et al\[[@B11]\], 2016**
  ----------------------------------------------------------------------------- --------------------------------- --------------------------------------------- ----------------------------------
  Study design                                                                  Single center, case-control       Single center, case-control                   Multicenter, single blind RCT
  Total dose of Epo administered                                                200000 IU                         90000 IU                                      200000 IU
  Timing of Epo administration                                                  Immediately after ROSC            Within 1 or 2 min of physician assisted CPR   Immediately after ROSC
  No. of participants, *n* (intervention/control)                               18/40                             24/48                                         234/242
  Mean age, yr (intervention/control)                                           59/58                             59/60                                         60.5/58.6
  Male gender, *n* (intervention/control)                                       16/39                             16/34                                         192/184
  Initial rhythm PEA/asystole, *n* (intervention/control)                       2/8                               12/17                                         94/100
  Initial rhythm shockable (VF/VT), *n* (intervention/control)                  16/32                             12/31                                         115/110
  Perfusing rhythm after bystander defibrillation, *n* (intervention/control)   0/0                               0/0                                           24/31
  Unknown rhythm, *n* (intervention/control)                                    0/0                               0/0                                           1/3
  Follow-up duration                                                            28 d                              Till hospital discharge                       60 d

RCT: Randomized control trial; Epo: Erythropoietin; IU: International units; ROSC: Return of spontaneous circulation; CPR: Cardiopulmonary resuscitation; PEA: Pulseless electrical activity; VF: Ventricular fibrillation; VT: Ventricular tachycardia.

Quality assessment and publication bias
---------------------------------------

Overall, there were clear definitions of the study population, outcomes, and assessment in the component studies. The quality assessment of individual trials is listed in Table [2](#T2){ref-type="table"}. Funnel plots did not reveal publication bias for comparison of CPC score 5 and CPC score 1-4 (Figure [2](#F2){ref-type="fig"}).

###### 

Assessment of quality for the included studies

  ----------------------------------------------------------------------------------------- ----------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Newcastle-Ottawa scale for bias assessment for case-controlled studies                                                  
  Newcastle-Ottawa scale for bias assessment                                                Cariou et al\[[@B9]\], 2008   Grmec et al\[[@B10]\], 2009
  Selection                                                                                 3                             2
  Comparability                                                                             2                             2
  Exposure                                                                                  3                             3
  Cochrane Risk of Bias tool for the Randomized controlled study (Cariou et al\[[@B11]\])                                 
  Entry                                                                                     Judgement                     Support for judgement
  Random sequence generation (selection bias)                                               Low risk                      Quote: "Patients were randomly assigned in a 1:1 ratio to the intervention or the control group"
  Allocation concealment (selection bias)                                                   Low risk                      Quote: "Randomization was performed centrally with the use of a computer-generated assignment sequence Intervention assignments were made in permuted blocks of varying size and were stratified according to site"
  Blinding of participants and personnel (performance bias)                                 High risk                     Comment: Probably done
                                                                                                                          Quote: "Single-blinded"; "physicians performing neurological follow-up and final outcome measurement, as well as study administrators and statisticians, were unaware of the intervention assignments"
                                                                                                                          Comment: Probably done. However, only single blinding performed
  Blinding of outcome assessment (detection bias) (patient-reported outcomes)               Low risk                      Quote: "Single-blinded"
                                                                                                                          Comment: Probably done
  Blinding of outcome assessment (detection bias) (mortality)                               Low risk                      Obtained from medical records; Quote "CPC was assessed by face-to-face contact with patients still hospitalized, and through phone interviews in discharged patients using a standardized protocol"
                                                                                                                          Review authors do not believe this will introduce bias
  Incomplete outcome data addressed (attrition bias) (Longer-term outcomes, \> 6 wk)        Low risk                      60 d: 1/234 missing from intervention group ("lost to follow-up"); 0/242 missing from control group
  Selective reporting (reporting bias)                                                      Low risk                      A single scale to assess neurological outcomes was used and reported (CPC score)
  ----------------------------------------------------------------------------------------- ----------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Baseline characteristics
------------------------

In the participant studies, there were no significant differences between the two groups in terms of age, gender, and initial rhythm (pulseless electrical activity or asystole and ventricular fibrillation or ventricular tachycardia). No significant heterogeneity was observed (Table [3](#T3){ref-type="table"}). The mean age of our study population was 59.1 years (range 58 to 60.5 years) with 80% males.

###### 

Baseline demographics of study population

  **Baseline characteristic**      **Epo**   **No Epo**   ***n***   **Studies (*n*)**   ***P* for overall effect**
  -------------------------------- --------- ------------ --------- ------------------- ----------------------------
  Age, yr                          59.5      58.9         606       3                   0.22
  Males, %                         79.2      81.4         606       3                   0.93
  Initial rhythm PEA/asystole, %   33.8      32.2         606       3                   0.85
  Initial rhythm VF/VT, %          62.7      63.3         606       3                   0.45

Epo: Erythropoietin; PEA: Pulseless electrical activity; VF: Ventricular fibrillation; VT: Ventricular tachycardia.

In the component studies, standard of care included use of therapeutic hypothermia immediately upon ICU admission (or continued if initiated pre-hospital) using external or internal cooling during the first 24 h in order to obtain a target temperature between 32 °C and 34 °C. Normothermia between 37 °C and 37.5 °C was then achieved using passive rewarming and maintained for the next 48 h. In patients with a high suspicion of acute coronary syndrome as the cause of OHCA, coronary angiograms were performed at hospital admission and followed by immediate percutaneous coronary interventions (PCIs) when indicated. Vasopressor agents were used, when indicated to keep the mean arterial blood pressure above 65 mmHg.

Summary of results from individual trials
-----------------------------------------

In the first clinical trial evaluating use of Epo, in addition to standard therapy, for patients with OHCA, Cariou et al\[[@B9]\] showed a non-significant improvement in survival rates (55% *vs* 47.5%, *P =* 0.17) and rates of full neurological recovery (55% *vs* 37.5%, *P \>* 0.05) in a case-control study of 58 patients (*n =* 18 in Epo group and *n =* 40 in control group)\[[@B9]\]. In 2009, Grmec et al\[[@B10]\] showed an association of early Epo administration in patients with OHCA with higher incidence of return of spontaneous circulation (92% *vs* 71%, *P =* 0.06), 24-h survival (83% *vs* 52%, *P =* 0.01) and hospital survival (54% *vs* 31%, *P =* 0.06) in a study of 72 patients (*n =* 24 in Epo group and *n =* 48 in control group). After adjustment for pretreatment covariates all the above-mentioned outcomes were statistically significant\[[@B7]\]. In 2016, Cariou et al\[[@B11]\] performed a large-scale multicenter, single blind, randomized controlled trial (RCT), of 476 patients followed for a period of 60 d. They demonstrated no improvement in neurological outcomes (CPC score 1 in patients in Epo group 32.4% *vs* 43.1% in no Epo group; OR = 1.01, 95%CI: 0.68-1.48) and reported no differences between the mortality rate and proportion of patients in each CPC level between the two groups at any time points. Additionally, they observed a higher incidence of more serious adverse events with Epo administration compared to controls (22.6% *vs* 14.9%; *P =* 0.03), particularly thrombotic complications (12.4% *vs* 5.8%; *P =* 0.01)\[[@B11]\].

Primary outcomes
----------------

Brain death or CPC score of 5 was observed in 55% (153/276) of patients in Epo group compared to 57% (190/330) in control with no significant difference between the two groups (OR = 0.77; 95%CI: 0.42-1.39; *I^2^* = 43%) (Figure [2A](#F2){ref-type="fig"}).

Secondary outcomes
------------------

No significant differences were observed between the Epo and No Epo group with CPC scores 1 (34% *vs* 31% respectively, OR = 1.16, 95%CI: 0.82-1.64; *I^2^* = 22%), and CPC score 2-4 (9% *vs* 11% respectively; OR = 0.77, 95%CI: 0.44-1.36; *I^2^* = 0%) (Figure [2B](#F2){ref-type="fig"}).

Erythropoietin therapy was associated with a significant increase in overall thrombotic events (12% *vs* 5% for Epo and control group respectively; OR = 2.41, 95%CI: 1.26-4.62; *I^2^* = 0%) and acute coronary stent thrombosis (3% *vs* 0.3% for Epo and control group respectively; OR = 8.16, 95%CI: 1.39-47.99; *I^2^* = 0%) (Figure [2C](#F2){ref-type="fig"}).

DISCUSSION
==========

To best of our knowledge, this is the first meta-analysis comparing early use of Epo in conjunction to standard therapy with standard therapy alone in patients with out-of-hospital cardiac arrest. The major findings in our study are as follows: (1) Epo plus standard therapy was not associated with any improved neurologic recovery (brain death, *i.e*., CPC score 5, CPC score 1-4); and (2) Epo plus standard therapy was significantly associated with increased incidence of overall thrombotic complications and acute coronary stent thrombosis.

Use of Epo as a neuroprotective agent emerged from animal models demonstrating Epo induced neuronal and vascular protection from ischemia-reperfusion injury\[[@B4],[@B21]\]. Although promising, these results did not translate into improvement in clinical outcomes in patients with ischemic stroke or acute MI\[[@B6]-[@B8]\]. In 2008, Cariou et al\[[@B9]\] reported the first clinical study evaluating early use of Epo plus standard therapy in patients with OHCA. This study demonstrated encouraging results with a higher rate of full neurological recovery in Epo treated patients (55% *vs* 37.5%) with no significant difference mortality benefit. Similarly, Ehrenreich et al\[[@B7]\], in 2009 observed higher incidence of return of spontaneous circulation, 24-h survival and hospital survival with early administration of Epo in patients with OHCA. However, both these studies were case-control, single centered and non-randomized with a small patient population. Recently, Cariou et al\[[@B11]\] performed a large-scale multicenter, single blind, randomized controlled trial (RCT), which did not show any improvement in neurological outcomes with early administration of Epo. The results in our study are consistent with this recent RCT and other major RCTs evaluating the role of Epo in a similar setting, *i.e*., acute MI and acute ischemic stroke\[[@B6]-[@B8]\]. The discrepancy between animal and human studies could be due to inter-species variability in action of Epo and mechanism of neurological injury\[[@B11]\].

In addition, our study demonstrated an increased incidence of overall thrombotic events and acute coronary stent thrombosis. In prior studies, Epo has been associated with increased thrombotic events including stent thrombosis in patients treated for cancer associated anemia\[[@B22]\] and acute myocardial infarction\[[@B6]\]. The underlying mechanisms involved with increased thrombogenicity with Epo in patients with OHCA remains unclear. Several mechanism have been proposed to explain stent thrombosis in patients undergoing therapeutic hypothermia - impaired drug metabolism and reduced bioavailability\[[@B23],[@B24]\], increased platelet activation\[[@B25]\], ineffective platelet inhibition, hypothermia induced mast cell degranulation\[[@B26]\]. In a recently published article from our group, we demonstrated no statistical significant difference in stent thrombosis in patients undergoing therapeutic hypothermia\[[@B27]\]. Also, Epo or its analogues have not been shown to enhance platelet activation\[[@B28]\] or activation of coagulation factors\[[@B29]\]. Thus it is possible increased thrombotic events in the Epo arm may be due to additional factors that were not accounted in our study (*i.e*., erythropoietin induced increase in blood viscosity, vasoconstriction and elevated blood pressure\[[@B22],[@B30]\], timing of dual antiplatelet therapy, hemodynamic circulatory support, presence of congestive heart failure, cardiogenic shock and number of stents)\[[@B27]\].

A major limitation of the current meta-analysis includes paucity of data from RCT's - with data from 2 case-controlled studies and only 1 RCT with a small patient population. Despite, differences in trials design, no significant heterogeneity was observed.

In conclusion, this study demonstrates no improvement in neurological outcomes and increased incidence of thrombotic events and acute coronary stent thrombosis in OHCA patients who were treated with Epo in addition to standard therapy.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Patients with out-of-hospital cardiac arrest (OHCA) frequently have post-anoxic encephalopathy, even after successful initial resuscitation. This brain insult can be either transient or definitive, and is the major cause of mortality. Even after successful resuscitation and restoration of cerebral perfusion, brain injury continues to progress due to reperfusion injury.

Research motivation
-------------------

In the setting of OHCA, there is whole body ischemia and clinical studies have shown conflicting results with 2 studies demonstrating mortality benefit with early Erythropoietin (Epo) administration and a recent randomized controlled trial with no significant benefit. In view of these studies, the authors aim to perform a meta-analysis to assess for any significant mortality benefit of early Epo administration in patients with OHCA.

Research objectives
-------------------

The primary efficacy outcome in this study was "brain death or Cerebral Performance Category (CPC) score of 5". Secondary outcomes assessed in this study were "CPC scores 1 and 2-4", "overall thrombotic events" and "acute coronary stent thrombosis".

Research methods
----------------

A systematic literature search was performed using PubMed, MEDLINE, EMBASE, EBSCO, CINAHL, Web of Science and Cochrane databases, of all studies published from the inception through October 10, 2016. The included trials were evaluated for publication bias and data summarized across treatment arms using the random effects model as odds ratio (OR).

Research results
----------------

No significant differences were observed between the two groups in brain death or CPC score of 5 (OR = 0.77; 95%CI: 0.42-1.39; *I*^2^ = 43%), CPC score 1 (OR = 1.16, 95%CI: 0.82-1.64; *I*^2^ = 22%), and CPC score 2-4 (OR = 0.77, 95%CI: 0.44-1.36; *I*^2^ = 0%). Epo therapy was associated with a significant increase in overall thrombotic events (OR = 2.41, 95%CI: 1.26-4.62; *I*^2^ = 0%) and acute coronary stent thrombosis (OR = 8.16, 95%CI: 1.39-47.99; *I*^2^ = 0%).

Research conclusions
--------------------

This study demonstrates no improvement in neurological outcomes and increased incidence of thrombotic events and acute coronary stent thrombosis in OHCA patients who were treated with Epo in addition to standard therapy.

Research perspectives
---------------------

Epo administration in patients with OHCA demonstrated an increase in adverse events with no mortality benefit in addition to current standard of care. Based on the currently available literature and this systematic review, further studies are needed in order to assess the safety and efficacy of Epo in Out-Of-Cardiac-Arrest patients.
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